Diabetes mellitus, especially if poorly controlled, is a major contributory cause for blindness, heart attacks, amputations, strokes, kidney failure and impotence. The prevalence of diabetes is increasing globally. Fortunately there is compelling evidence from clinical trials that lifestyle modifications and education can minimise the risk of diabetes, and new treatments can reduce the burden of morbidity and mortality. We now have modified insulin, infusion pumps, dialysis, kidney and pancreas transplants, and effective therapies for reducing lipids and blood pressure.
INTRODUCTION
Diabetes mellitus, or 'sugar diabetes', has been recognised for at least 3,000 years and the symptoms are described in a papyrus of 1500 bc in the pyramids of Egypt. The typical symptoms of increased thirst, increased frequency of urination, tendency to infections, weight loss, and decreased survival, have therefore been known for many hundreds of years. However, understanding the causes of diabetes and the availability of effective treatments have only been available during the last century.
Until insulin was isolated in 1922, young people with diabetes would rapidly lose weight, sink into a coma and die with high blood glucose concentrations, dehydration, wasting of muscles and acidity of the blood (ketoacidosis). Insulin was hailed as a miracle medicine which almost immediately restored health to normal, although the price was injections of insulin at least once daily. Life expectancy was prolonged with insulin, but the patients survived long enough to develop the dreadful complications of diabetes mellitus. These complications include blindness due to retinopathy, ischaemic heart disease leading to myocardial infarction, peripheral vascular disease leading to amputations and cerebrovascular disease leading to transient ischaemic attacks and strokes. In addition, proteinuria (abnormal quantities of protein in the urine) and renal failure occur, and neuropathy causes impaired sensation in limbs. Autonomic neuropathy causes sexual impotence, postural hypotension and intermittent non-infective vomiting and diarrhoea. Before insulin became available obstetricians would counsel women with diabetes not to marry, and if they did so, not to become pregnant as fetal loss was almost inevitable and maternal death was frequent. Important advances in diabetes care during the last 80 years show that complications can be minimised or even avoided and the quality of life and life expectancy can be improved. These advances include the ability of patients to check their own blood glucose at home using test strips, the availability of different formulations of insulin, different delivery systems, the setting up of diabetic clinics and care centres in hospitals, and the increased ability of general practitioners to share the care of patients with diabetes.
There is compelling evidence from clinical trials for the effectiveness of lifestyle modifications and new treatments. 1, 2 Nevertheless, these important advances in knowledge will only be fully effective if patients with diabetes can be empowered to learn about their disorder, and to be motivated to be in control of their lifestyle risks and day-to-day medical management.
This article will review several of these issues and explain the importance of informing persons with diabetes about their illness, and promoting a healthy lifestyle and avoidance of risks of complications.
in those under 30 years of age. Type 1 diabetes is characterised by sudden onset of thirst and polyuria (large volumes of dilute urine), weight loss, and tiredness. Unrecognised and untreated, the affected person develops ketoacidosis and there is increased respiration to compensate with a respiratory alkalosis. Untreated, the patient develops coma and dies. Insulin treatment and rehydration correct these abnormalities, and the patient takes insulin up to four times a day to control blood glucose. Fertility, pregnancy and fetal survival have improved considerably with control of blood glucose. However, perinatal mortality remains higher than in the non-diabetic population, and children of diabetic parents have an increased risk of diabetes. The search continues to identify the genetic causes of diabetes.
By contrast type 2 diabetes is typically a disease of middle-aged people who are overweight. The onset is gradual, so thirst and polyuria may be attributed to causes other than high glucose. On examination of nerve pathways and eyes, there are often changes which indicate that high blood glucose has been present up to ten years. Treatment of type 2 diabetes typically involves advice to reduce total calorie intake, do more exercise, lose weight, and to control blood glucose with tablets. In type 2 diabetes insulin levels are detectable in the blood, but the amount is not sufficient to cope with the metabolic changes of obesity. Therefore many patients with type 2 diabetes are also treated with insulin injections.
There are other types of diabetes, for example MODY -maturity onset diabetes of the young -which can often be controlled by tablets. Other rare causes of diabetes are damage to the pancreas due to trauma, pancreatitis (often due to alcohol), iron deposition in haemochromatosis, and pancreatic carcinoma.
THE SIZE OF THE PROBLEM
In the United Kingdom, two per cent of the population are known to have diabetes mellitus. However, there is probably another two per cent (one million persons) who also have diabetes mellitus; these are called 'the missing million'. Worldwide, the prevalence of diabetes is low in countries where people have insufficient food, take physical exercise, and are slim. By contrast diabetes has become extremely common in populations who become affluent and adopt a western lifestyle of eating energy-rich fast foods, travelling by car rather than by foot or bicycle, and choosing sedentary occupations.
The increase in prevalence is happening too quickly for the reasons to be due entirely to genetic causes. The most likely explanation is changes in lifestyle, notably including obesity and reduction in exercise. 3 For all these reasons, health education and health promotion are extremely important, not only for those known to have the illness, but for all those who are at risk.
TREATMENTS FOR DIABETES MELLITUS

Diet
Each person with diabetes should have his or her dietary habits discussed and modified if possible. A balanced diet should include the recommended percentages of carbohydrates, fat, protein, vitamins, trace elements and fluids. Most western diets contain too much fat and carbohydrates. Restricting both of these will encourage weight loss. It is important to eat a balanced diet and to restrict total calories to a level that will permit gradual weight loss. Targets for weight are measured in terms of body mass index (BMI). This is expressed as the formula BMI = weight (kg)/height 2 (m 2 ). Normal BMI is between 20 and 25, overweight between 25.1 to 30, and obesity is defined as a BMI over 30. The risk of developing diabetes is increased about ten-fold when BMI is greater than 30 and twenty-fold when BMI is greater than 40. Although this advice sounds simple, encouraging patients to change the eating habits of a lifetime, do more exercise, and lose weight is not easy in practice.
Exercise
There is evidence that moderate exercise several times a week increases physical fitness, uses up calories and hence lowers blood glucose levels. The combination of less calories and more exercise will considerably decrease the risk of developing diabetes and, if present, will improve blood glucose control. However, like diet, increasing exercise is sometimes difficult, and for elderly patients and those with co-morbidities such as angina and arthritis, the remedy is sometimes impossible.
Oral hypoglycaemic medicines
There are a number of tablets on the market to reduce blood glucose levels. Some lower blood glucose by releasing stored insulin from the pancreas and are therefore useful in type 2 diabetes. Other tablets work by improving insulin resistance; these are most useful in obese patients as they tend to encourage weight loss.
Insulin
Insulin is always given for type 1 diabetes where insulin is lacking. An appropriate amount of short-acting insulin is normally taken before each meal with a once or twice daily long-acting insulin at other times to give a background insulin. This is called basal-bolus therapy. To simplify therapy, some patients take a mixture of short and long-acting insulin twice daily, which is more convenient, and means fewer injections, but is less flexible than the basal-bolus regime. To obtain near normal blood glucose concentrations, special insulin infusion pumps have been developed. These pumps can be programmed to give a variable amount of insulin according to algorithms based on past experience, current blood glucose results and future meal and exercise intentions. The infusion systems require dedicated, well-informed and strongly motivated patients for careful monitoring. The pumps and infusion devices are, however, expensive.
The artificial pancreas
For many years attempts have been made to create an artificial pancreas which can be implanted into the body. However, technical problems associated with creating an artificial pancreas include devising a glucose sensor that will check blood glucose frequently and accurately, and designing a delivery system that will not fail and will deliver the insulin into the portal vein so the liver receives insulin by a physiological route.
Pancreas transplants and beta-cell transplantation
Pancreas transplants and beta-cell transplantation are the subjects of much medical research. The problems of transplanting the whole pancreas include obtaining a viable donor tissue, complex surgical operations and the need to divert the enzymes made by the pancreas. Recent advances have been made in obtaining pancreatic islets in sufficient purified fractions to be injected into the liver or spleen of the recipient. Improvements in surgical techniques and immunosuppression have led to increased transplant survival, up to 19 years in specialised centres. Islet cell transplantation is now developing as the preferred alternative to whole pancreas transplants. 4 However, the number of patients who can be treated by transplantation remains limited by donor tissue, costs and facilities.
ASSOCIATED COMPLICATIONS AND TREATMENTS
Cardiovascular disease
Developing diabetes at the age of 40 years decreases life expectancy by about eight years. 5 The major causes of death are cardiovascular, especially myocardial infarction and strokes. Each person with diabetes should have a cardiovascular risk profile estimated. There is good evidence to show that improving blood glucose and arterial blood pressure significantly reduce the incidence of complications. 6 There is a tendency to an abnormal atherogenic risk profile of lipids, including raised triglycerides and abnormal lipoproteins and high blood pressure. There is evidence that lowering cholesterol using statins, 7 and lowering triglycerides by using fibrates can improve this lipid profile and decrease the risk of cardiac disease. High blood pressure, especially if associated with increased protein excretion in the urine, can be effectively treated with hypotensive medicines including angiotensinconverting enzyme inhibitors (ACE inhibitors) and angiotensin II receptor blockers. Blood pressure can also be lowered by calcium channel blockers, alpha-blockers, beta-blockers or diuretics. All diabetics are at increased risk of heart disease and should be advised to stop smoking, drink only sensible amounts of alcohol, reduce weight to ideal, increase exercise, have regular check-ups and control blood glucose as close as possible to normal values.
Peripheral vascular disease
A person with diabetes is much more likely to have impaired circulation and neuropathy to the feet, which can lead to ulceration, infection, gangrene and amputation. Intensive treatment to reduce high blood glucose can decrease the occurrence of clinical neuropathy by 60%. 8 It is therefore important to have regular foot checks by a qualified chiropodist. At an early stage advice can be given about foot care, appropriate shoes, care of callus, special insoles for deformed feet and referral for vascular or neurological assessment.
Visual impairment
Diabetes mellitus is the main cause of visual impairment between those aged 20 and 65 years. The risks are higher for patients with type 1 diabetes (40%) than for those with type 2 (20%). 9 Much of this can be prevented by good diabetic control and an annual eye check to detect damage to the retina at an early stage. 10 Laser treatment at an early stage can minimise the risk of retinal detachment, bleeding and blindness. 11 
Renal disease
High blood glucose and high blood pressure damage the kidneys. Diabetes is a leading cause of end-stage renal failure (ESRF), accounting for nearly one-third of all new patients commenced on dialysis. 12 The first manifestation may be small amounts of albumin in the urine (microalbuminuria) which is an indication to use ACE inhibitors, 13 and to lower blood pressure. These have been shown to prolong survival and reduce the risk of developing ESRF and the need for dialysis. ACE inhibitors also have an independent effect on delaying the progression of renal impairment. 13 The newer angiotensin II receptor antagonists, a similar group of drugs, have also shown good results in delaying diabetic nephropathy. 14 
Pregnancy
Although maternal deaths with diabetes are rare in the developed countries, babies from diabetic mothers are three times more at risk of being born prematurely, being born with a malformation, or suffering perinatal death. The incidence of these serious complications has been reduced in recent years, notably due to pre-pregnancy advice to control blood glucose levels as best as possible before and during pregnancy. Joint clinics between specialists in obstetrics and diabetes are recommended to obtain the best possible diabetes control during pregnancy.
PREVENTION OF DIABETES MELLITUS AND EFFECTIVE INTERVENTION
The cause of type 1 diabetes is not always known. There is evidence that it is due to an immune defect where the pancreas is damaged by the immune system of the host. If this immunological damage could be anticipated and prevented by immune modulation, then it might be possible to prevent diabetes mellitus. At present this is not possible and all drugs which affect the immune system have side effects which limit their usefulness. The side effects include weight gain associated with steroids, and infections and cancers due to immunosuppression.
Type 2 diabetes could be prevented in many persons, or certainly postponed, if weight could be kept within the healthy BMI range of 20-25. 1 Increasing numbers of people develop obesity at all ages and this causes insulin resistance and hence leads to diabetes.
DIABETES EDUCATION AND LIFESTYLE MANAGEMENT
Individuals diagnosed as suffering from diabetes should be seen by professionals with a specialised knowledge of diabetes care. As diabetes can affect all aspects of life -school, work, holiday, marriage, insurance, driving, bodily functions as described above -a detailed knowledge of the condition is essential to all persons with diabetes.
The Department of Health recommend that an educational package of care should be available to all diabetic patients. 15 The aim of diabetes education is to explain the nature of diabetes, the modifications in lifestyle that are necessary and the treatment that is recommended. Data from the Audit Commission Survey 2000 suggested that people with diabetes feel that information is empowering and would like more information so that they can understand and control their own diabetes more effectively. Advice and help is available from specialist teams in diabetes care centres and from specially trained nurses in general practice.
Most people are able to check their own blood glucose using test strips and meters, and are encouraged to carry a diabetes card with details of clinic visits, tests, treatment and advice. Studies have shown diabetes patient education to be effective with improvement of metabolic control, weight reduction and self-care knowledge. 16 However, patients find it difficult to maintain these lifestyle changes long-term. 17 Shared care is encouraged between the patient, the hospital staff and the general practice. This involves a team approach, and the patient is the most important member. Patients are encouraged to join Diabetes UK (formerly British Diabetic Association). Diabetes UK publishes a magazine Balance which is written specifically for people with diabetes. Articles include new information, reports from conferences and scientific meetings, recommendations on diet and lifestyles, and correspondence from patients. There is a lot of information on diabetes available via the Internet; whilst much of this is evidence-based and sensible, not all of it is. 18 Diabetes UK and diabetes care teams are actively involved in promoting knowledge of diabetes and the health benefits of detecting diabetes at an early stage and obtaining access to appropriate health care. NHS Direct, the helpline run by the National Health Service, can provide patients with advice regarding diabetesrelated illnesses, insulin dosages, and also information on late night pharmacies. The National Service Framework (NSF) for Diabetes in England, set up in January 2003, recognises diabetes as a major health problem, ranking in importance with cardiac disease (to which it is a major contributor) and cancer. There is to be a National Delivery Strategy, to include retinal screening and practice registers of patients with diabetes. Standards and targets will be set and audited. The key aims are to ensure that all persons with diabetes have the information, resources and empowerment to manage their own
